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CHAPfERI
INTRODUCTION
Retrotransposons are one kind of mobile genetic elements that replicates through
an RNA intermediate. They constitute a broad class of moderately repeated transposons
abundantly represented among eukaryotes (Finnegan et al., 1989; Varmus et al., 1983).
Another kind of transposons transpose through DNA excision and replication which
enable DNA sequences to move either directly or generating genomic copies (Lewin,
1987). Retrotransposons have similarities in many ways to retroviruses. Retroviruses
usually have long terminal repeats (LTRs) and internal open reading frames (ORF)
containing three genes: gag, pol, and env (Kim et al., 1994). The LTR-class of
retrotransposons contain the same basic structures except for the env gene that enables
the virus particle to enter and exit host cells (Doolittle et al., 1989, X. Xiong et al.,
1992).
Unlike retroviruses which are considered to be restricted
retrotransposons

are

the

most

widespread

type

to vertebrates,

of eukaryotic

transposons.

Retrotransposon-like elements have been isolated from a number of different plant
species, including Arabidopsis, tobacco, maize, Lilly and potato (Camirand et al., 1990,
Grandbastien et al., 1989, Johns et al., 1985, Sentry et al., 1989, and Voytas et al.,
1988). Using PCR (polymerase chain reaction), the sequences of reverse transcriptase
(pol) gene were amplified from a wide variety of invertebrates and many plant species
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(McDonald, 1993). PCR assay has shown that copia-like elements are present in every
studied plant species including algae, bryophytes, pteridophytes, gymnosperms; and
angiosperms (Flavell et al., 1992, Voytas et al., 1992). Retrotransposons are usually
present in plants and animals in retroelement superfamilies of high copy number, and
there is some similarity among members of a single family and between different
superfamilies. (Mount et al., 1985). Studies have shown that all functionally important
genes tend to be highly conserved among retrotransposons. A good example of this is
the gag and pol genes which encode structural and catalytic proteins (Gardner et al.,
1991). Identification of new retrotransposon and phylogenetic assignments are mainly
done by comparing functional domains and structural organization.
Transposable elements, including retrotransposons, possess the ability to move
from one site to another site within the genome, frequently causing insertional mutations
of genes. From an experimental standpoint, this makes transposons a powerful tool for
tagging and cloning genes of eukaryotic organisms. Transposition usually results in
generation of short direct repeats of target DNA at the site of insertion. Because a
transposon inserted within a gene is flanked by portions of that gene, probes derived
from the transposon can be used to retrieve portions of the gene that it has activated or
inactivated. Among all the isolated retrotransposons, most retrotransposons in plants are
thought to be defective because, they only contain a subset of essential retrovirus
functions or sequences (Keshet et al., 1990). Only the maize Bsl (Johns et al., 1989) and
tobacco Tntl (Grandbastien et al., 1989) are known to actively transpose.
Recently, an interspersed repetitive element family was found in soybean (Glycine
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max) and named SIRE-1 (Laten & Morris, 1993). A DNA subregion sequence of SIRE1 exhibited similarity to Tyl and copia-Iike retrotransposons. Although Voytas et
al. ,(1992) has deduced the presence of a copia-Iike retrotransposon family in soybean
using a PCR assay with amplified reverse-transcriptase-specific sequences, a complete

copia-Iike element has not been isolated.
The purpose of this study was to isolate and characterize a cDNA-clone coding
for a partial sequence of the putative retrotransposon, SIRE-1, previously discovered in
our laboratory (Laten & Morris, 1993). This thesis describes the cloning and sequencing
of this cDNA (SIREcl) and the identification of DNA and amino acid sequence motifs
found in nearly all retrotransposons. This analysis has not only provided evidence that
SIRE-1 may be an active retrotransposon, but also will help provide valuable information
for the structural determination of the whole SIRE-1 element.

CHAPfER II
REVIEW OF RELATED LITERATURE
The presence of transposable elements in genetic material was first proposed over
40 years ago by Barbara Mcclintock (Mcclintock et al., 1951). They are unique because
of their ability to move from one location in a chromosome to another or even move
between different chromosomes. Since these elements have been found in almost all
genomes, they are ubiquitous (Finnegan et al., 1989).
Transposable elements are divided into two major classes, according to their
mechanisms of transposition. Class I elements move by a DNA-DNA mechanism. These
elements are bounded by inverted terminal repeat sequences and transpose through
excision and/or enhanced replication of the integrated element (Tebbutt et al., 1993). The
second class of elements transpose via formation of an RNA intermediate.
Reverse transcription was discovered 20 years ago, and the term retroelement has
been applied to all types of elements that use reverse transcription for their propagation
(Angele et al., 1992). Retrovirus-related transposons are among the most common and
widespread type of eukaryotic transposons (Doolittle et al., 1989). They include the
vertebrate retroviruses (Varmus et al., 1989) and the retrotransposons of Drosophila and
yeast Saccharomyces cerevisiae (Bingham et al., 1989). The major difference between
retrotransposons and retroviruses is that retrotransposons are not infectious and do not
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contain the envelope (env) gene (Grandbastien, 1992). Retrotransposons are divided into
three major categories based on the organization of their coding domains (Doolittle et al. ,
1989). The first type, commonly referred to as Line-like or non-LTR retrotransposons
(named after the human Line-1 retrotransposon), lacks terminal repeats and encodes
proteins with significantly less similarity to those of the retrovirues. The other two types
of retrotransposons are flanked by long terminal direct repeats (LTRs) and encode
proteins similar to those of the retroviruses. These LTR-retrotransposons are classified
as gypsy/Ty3 and copia/Tyl group retrotransposons, after two representative elements
of the different classes in Drosophila melanogaster and Saccharomyces cerevisiae
respectively. The major difference between copia-like and gypsy-like retrotransposons
is the arrangement of the various domains of their pol genes. Copia-like elements have
a gag- protease- integrase-reverse transcriptase-RNase H arrangement, whereas in the
gypsy-like element, the integrase is located downstream of RNase H (Flavell, 1992)
(Figure 1).
Retrotransposons encode some replicative genes. Products of these genes include
structural proteins (encoded by the gag gene) and enzymes: protease, reverse
transcriptase, integration protein and RNase H (Figure 2). The gag gene encodes a
polyprotein: matrix protein (MA), capsid protein (CA) and nucleocapsid protein (NC).
MA and NC are likely candidates for the RNA recognition and packaging process. CA
protein forms the icosophedral or rod-like shell that surrounds RNA molecules. In
retroviruses, since viruses need to infect host cells, single-stranded RNA viruses are
enveloped by the proteins encoded by gag and env genes. In higher plants, retrotransposons
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Figure 1. Major types ·of retroelements. Overall organization of (A) a retrovirus, the

avian leukosis. (B) a retrotransposon, the yeast Tyl element. (C) a retrotransposon, the

Drosophila gypsy-like element, and a non-LTR retroposon, the mammalian LINE-like
element. Open reading frames are depicted by clear boxes. The gag gene encodes
structural proteins of the virion core, including a nucleic acid-binding protein; the env
gene encodes a structural envelope protein, necessary for cell to cell movement;
prot,protease involved in cleavage of primary translation products; RT, reverse
transcriptase; RNase H, ribonuclease; endo, endonuclease necessary for integration in the
host genome; LTR, long terminal repeats containing signals for initiation and termination
of transcription, and bordered by short inverted repeats (IRs); PBS, primer-binding site,
complementary to the 3' end of a host tRNA, and used for synthesis of the first (-)DNA
strand; PPT, polypurine tract used for synthesis of the second ( +) DNA strand; DR,
short direct repeats of the host target DNA, created upon insertion.
adapted from reference (Flavell, 1992) with small modification.

The figure is
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Figure 2. A. Prototype avian retrovirual RNA genome and major gene products. The
gag gene products: the matrix protein (MA), capsid protein (CA), nucleocapsid protein

(NC), and protease (PR) are synthesized as precursor (indicated as a thick line below the
genome: N-and C-termini are indicated). NC is depicted as a filled circle. A larger, but
less abundant, gag-pol precursor includes the pol gene products: reverse transcriptases
(RT) and the integration protein (IN). The env products, surface (SU) and transmembrane
protein (TM), are located to the viral lipid envelope and are required for attachment to
the host cell receptor. The env precursor is translated from a spliced mRNA. B. Model
for retroviral assembly emphasizing postulated roles of NC. Left: gag and gag-pol
precursors are shown accumulating at the inner surface of the cell membrane via signals
at the N-termini. A gag precursor molecule is shown interacting with the RNA genome
via the NC domain thus directing the RNA molecule into the budding particle as a dimer.
The SU/TM glycoprotein complexes (filled ovals) are transported to the membrane
through the endoplasmic reticulum/golgi pathway. Right: The mature particle is depicted
showing SU/TM inserted into the cell-derived viral envelope (outside circle), and the
capisid (inner circle). The RNA genome is shown in a complex with NC which has been
released from the precursor by PR after budding.
reference (Katz, 1989).

The figure is adapted from the
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can not infect their hosts. A study suggested by Katz (1989) that these two proteins
appear to function not only in a histone-like manner in packaging the RNA into the
particle but also in specifically selecting the RNA for packaging. The gag gene is also
involved a process mostly probably linked to replication primer tRNApro annealing to the
initiation site of reverse transcription. It seems that an active gag gene is necessary for
mobile retrotransposons.
These structural proteins which form the core of the protein-RNA particle are
synthesized as large precursor polypeptide. The function of the protease is to cleave the
polyprotein encoded by the gag gene into separate functional polypeptides (Toh et al.,
1985). Integrase activity appears to be both necessary and sufficient for integration of
LTR-containing retroelement DNA into the genome, whereas reverse transcriptase and
RNase H mainly function in reverse transcriptation.
Due to the special characteristics of replicative transposition, transposable
elements seem to be frequently involved in events causing structural chromosomal
changes including insertions, translocations, and deletions. These structural mutations are
thought to contribute to genomic evolution (Engel et al., 1984). Insertion of a
transposable element within, or adjacent to a gene can also alter the latter's expression
directly. Ty elements often insert in the promotor regions of yeast genes and may either
increase or decrease expression of the affected gene (Finnegan et al., 1989).
The distribution of transposable elements among species can be explained by two
different mechanisms. (konieizny, 1991). The first mechanism involves vertical transfer
of transposable elements from generation to generation. Konieizny's (1992) phylogenetic
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analysis suggested that there is a tendency among closely related species of the higher
plant kingdom to carry some broadly similar retrotransposon sequences. This provides
evidence that these sequences were acquired early in evolution and have been transmitted
down the germ lines of the diverging species. The second mechanism of transfer of
transposable elements proceeds via horizontal, nonsexual means. This conclusion can be
made from the observation that many closely related species or even members of the
same species carry widely divergent retrotransposons (Daniel et al., 1992). On the other
hand, elements whose host species are separated by approximately 500 million years of
evolution are known to share 63% sequence similarity (Flavell et al., 1992). Recently,
a number of transposable elements have been identified with restriction fragment length
polymorphisms (RFLPs) and PCR, by comparing cloned DNA sequences between strains
or natural isolates of a species (Daniel et al., 1985, 1992).
Retrotransposons have to depend on their host cells in order to proliferate. They
require the hosts' transcription and translation machinery and, for the gypsy-like and
copia-like elements, tRNA primers for DNA synthesis by reverse transcriptase (reviewed
in Boeke, 1989). This dependence of retrotransposons on their host cells suggests that
they are both evolutionally linked.
In addition to their roles in gene evolution, transposable elements are also used
as helpful tools for population, gene mapping, and molecular studies based on their
genomic dispersal and mutagenic actions. Their ability to integrate into DNA and cause
mutations make it possible to identify and characterize genes. A number of genes have
already been identified through this technique in maize (Cone, 1986, Fedoroff, 1984) and
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snapdragon (Martin, 1985). There are some reports that several transgenic plants have
been constructed by using retroelement (Klee et al., 1991; Ward et al., 1991). In· vitro
culturing of some plant tissues, including soybran, may activate quiescent transposable
elements (Lee et al., 1988). These activated plants often manifest a high degree of
phenotypic variation resulted from chromosomal rearrangements ( tranposable elements
move). The production of new and potentially valuable alleles could also be used as a
means to recover specific genes by tranposon tagging.
Though a large number of transposable elements have been discovered in plants,
only a few have been proven to be active. There is no report that cDNA from a
retrotransposon has been isolated. In soybean, although there is a evidence that
retrotransposons are present (Flavell et al., 1992), a complete element has not been
isolated. The discovery of new transposable elements will be important in this area,
which is especially valuable for a number of major crop plants, including soybean. A
more precise understanding of the plant's gene pool will be helpful for the continued
development of soybean cultivars.
Recently, a family of large, interspersed, moderately repetitive DNA element has
been found in Glycine max (L.) Merr. and G. soja (Sieb. and Zucc.) (Laten & Morris,
1993). A 776 bp subregion (Gm776) of this element was sequenced. The family in which
GM776 resides was designated SIRE-1 (soybean interspersed repetitive element 1). The
element defined by Gm776 is at least 10.6 kb in length and constitute a family of 500800 members per haploid genome. The sequence of Gm776 exhibits suggestive DNA
sequence similarity to 7)11 and copia-like retrotransposons (Laten & Morris 1993).
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In this work, I used the 776 bp fragment as a probe to screen a soybean cDNA
library. A 2.4 kb cDNA was recovered and cloned. We designated the cDNA clone as
SIREcl for SIRE-1' cDNA-1. The SIREcl cDNA clone was 2417 bp long and had a
long open reading frame (ORF) of 617 codons. The derived amino acid sequence showed
several conserved domains with a high degree similarity to retrotransposons.

CHAPfER III
MATERIAL AND METHODS
1. Plant DNA Preparation

Soybean seeds (Glycine max cv Williams) were planted in vermiculite and grown
in the dark at room temperature for 14 days. No nutrition was given except for water.
twenty grams of primary fresh leaves were harvested and frozen immediately in liquid
nitrogen. DNA isolation was then performed using hexadecyltrimethlammonium bromide
(CTAB) (Doyle, 1990).

2. Probe Preparation
DNA from soybean plant were amplified with polymerase chain reaction (PCR)
from 100 ng of plant DNA. The primer used for PCR was 5'-TNTTNGATCG(G/T)GTNCARTGCTGC-3' (where R=A or G) (Laten and Morris, 1993). Reaction products
were fractionated by electrophoresis through 1.5 % agarose. The band which is 776 bp
fragment was cut from the gel and placed in a dialysis tube filled with 0.5 X TBE buffer,
and electroeluted (Perbel, 1988). The purified 776 fragment was radioactively labelled
with

32

P using a multi-prime labeling system (Amershamn). Probe was also prepared

using pGm776 prepared as described (Laten and Morris, 1993) and labeled with 32P in
a similar way. These probes were purified through chromatography columns of size
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exclusion purchased from Bio-Rad company.

3. Screenine the cDNA Library
A Clontech lambda gtl 1 (in E.coli Y1090) soybean cDNA library was screened
with the probe made from pGm776 by plaque hybridization. Six 150 x 15mm plates,
each containing approximately 10,000 plaques were screened. The phage were transferred
to GeneScreen Plus membranes. Prehybridization was performed at 40 °c overnight with
50% formamide, 1 % SDS, lM NaCl, lM Tris-HCl pH 8, 1 ml BLOTTO, 100 ul of 50
ug/ml of denatured herring sperm DNA in a total volume of 20 ml. The probe was
heated for 2 minutes in a boiling water bath, chilled on ice, and then added to the
prehybridization solution. The membrane was then hybridized overnight at 40 °c. After
hybridization, the membrane was washed twice in 2 x SSC for 10 minutes at room
temperature, twice in 2 x SSC, 1.0% SDS at 65

°c

for 30 minutes and twice in 0.1 x

SSC for 30 minutes at room temperature. Positive plaques were visualized by
autoradiography. Plaques giving strong hybridization signals were further purified with
successive rounds of screening using the same hybridization and washing conditions until
all plaques on a plate gave a positive signal.

4. Transferrine the Insert from Lambda Vector to Plasmid Vector

A. Preparation of Insert Fragment and Dephosphated Vector
Ten ul (0.5 ug/ul) of lambda DNA containing the cDNA insert was digested with
40 units of EcoRl in a total volume of 100 ul at 37 °c for 1 hour. After digestion, the
DNA was extracted twice with 1 volume of TE-saturated phenol/chloroform, followed
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by one volume of chloroform. The DNA was precipitated by adding 2 volumes of 100%
ethanol and the pellet was washed with 70% ethanol. The pellet was dried for 20 minutes
at room temperature and redissolved in TE buffer to a final concentration of 100 ug/ml.
Ten ug of plasmid pUC18 was digested with 40 units of EcoRl in a total volume
of 100 ul at 37

°c

for 1 hour. After digestion, 10 ul of the solution was set aside for

control. To the remainder of the solution,

10 ul of 10 x calf intestinal alkaline

phosphatase (CIP) buffer and 1 ul CIP were added. The reaction solution was then
incubated at 37

°c

for 30 minutes. Six ul of 1 % SOS and 1 ul of 0.5 M EDTA were

added to the reaction solution. One ul of (20 mg/ml) proteinase K was added and the
solution was incubated at 56

°c

for 30 minutes. DNA was extracted with phenol:

chloroform once, followed by 0.1 volume of 3 M sodium acetate. The DNA was
precipitated by adding 2 volumes of 100% ethanol. After centrifugation, the pellet was
washed with 70 % ethanol and redissolved in TE buffer to a final concentration of 1 ug/ 1
ul.

B. Ligation
Four and half ul of H20, 1 ul of 10 x ligase buffer, 0.5 ul of ligase, 2 ul of
dephosphorated plasmid DNA, 2 ul of foreign DNA (insert DNA from lambda) were
mixed together. The solution was incubated in refrigerator at 16 °c for 6 hours.
C. Transformation
Transformation was performed according to the protocol described by GIBCO
BRL. E.coli DHstm competent cells were used as host cells. DNA from the ligation
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reaction was diluted 5-fold in 10 mM Tris-HCl (pH 7.5) and 1 mM EDTA. Then 1 ul
from the diluted solution was added to 100 ul of host cells. This solution was left on ice
for 30 minutes for transformation. The cells were then heat-shocked for 45 seconds in
a 42

°c water bath. The transformed cells were placed on ice for another 2 minutes. 0.9

ml of SOC medium kept at room temperature was then added and the solution was kept
shaking at 225 rpm at 37

°c

for 1 hour. The solution was spread onto LB plates

containing 100 ug/ml ampicillin.

5. Screening Colonies Containing Recombinant Plasmids
One piece of GeneSreen Plus membrane was cut and placed on one plate with
AMP, X-gal and IPTG. The white colonies from the transformation step were transferred
to the membrane for hybridization and to another plate in the same position for colony
growth (Sambrook, 1989). The two plates were incubated overnight at 37

°c.

The

membrane was prehybridized and hybridized with the probe directly from plant DNA
PCR amplification. Prehybridization, hybridization, and autograph was performed as
stated previously.

6. Isolating Lambda and Plasmid DNA Containing the Insert
Lambda DNA was isolated using QIAGEN with small modification. Lambda
phage plate lysates were prepared using the method described (Sambrook, 1989). High
quality agarose was used in bottom and top layer in plates instead of agar. 0.3% glucose,
0.075 mM CaC12 ,0.004 mM FeC13 , 2 mM MgSO4 were added to bottom medium to give
the highest yields. Five 150 x 15mm plates were used and 50 ml lysate was received.
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After treating the lysate with 50 ul chloroform, the lysate was centrifuged at 4000 rpm
to remove the bacterial debris. One hundred and fifty ul of buffer Pl (QIAGEN) with
RNase/DNase was added the supernatant to remove RNA and bacterial DNA. After
QIAGEN purification, the DNA was precipitated with 0.8 volumes of isopropanol for 3
hours at room temperature.
Plasmid DNA was isolated using QIAGEN and Wizard Maxipreps DNA
purification system. The condition for growth of plasmids is the same for QIAGEN and
Wizard Maxipreps: A single colony was inoculated into 5 ml of TB media containing 20
ug/ml ampicillin, and grown to saturation (overnight). Five hundreds ul of saturated
mini-culture was transferred to 500 ml of TB medium with 20 ug/ml ampicillin and
incubated overnight. The isolating procedures exactly followed the protocols described
by the manufacturers (QIAGEN and PROMEGA).

7. DNA Sequence Determination
DNA sequences were determined by the dideoxy chain termination method using
the Sequenase 2.0 kit (United States Biochemical, Cleveland, OH). Templates were
initially primed with M13 and T7 universal primers. Other specific oligonucleotide
primers were manufactured by the Macromolecular Facilities of Loyola Medical School
and Northwestern Medical School. In order to read sequences close the primers, 1 ul of
Mn2+ buffer was added to the labeling reaction solution. In addition, the usual 2.5 ul of
volume of dideoxy-termination Mix was replaced by a mixture of 1.5 of ul termination
mix and 1 ul of extending mix to read sequences farther from the primers. The sequences
were read by the HITACHI tablet digitizer.
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8. Sequence Analysis
Sequence data were analyzed with the aid of the program of the PC/GENE software
(IntelliGenetics). Data library search were conducted with EMBL and GenBank. Amino
acids were grouped by their chemical similarity, such as (one-letter code): {I,L,M,V,A};
{S,T,P}; {R,K,H}; W,Y,F}; {D,E}; {N,Q}; {G}; {C}. Translations were made from the
following data library accessions and used in the alignments and sequence comparisons:

copia

(Drosophila

melanogester

retrotransposon),

X02559;

HIV-II

(human

immunodeficiency virus type II), A03787; Tstl (potato DNA for copia-like transposable
element), X52387; Tntl94 (Tobacco DNA for retroviral-like transposon Tntl-94),
X13777; CaMV (Cauliflower mosaic virus {strain CM 1841}), J02046. Ty912 (a
member of the retrotransposon family Tyl in Saccharomyces cerevisiae), M24994.

CHAPfERIV
RESULTS
1. PCR-Generated Probe Preparation
Since Gm776 contains the same vector sequence as SIREcl and lac gene sequence

lambda, the probe made from Gm776 gave some extra bands and strong background.
A probe which is only specific for SIRE-1 need be used. So, the 776 bp fragment of
PCR product directly amplified from soybean DNA with degenerate primers were used
as one of the template for the two probes (see Materials and Methods) (Figure 3). The
identity of the PCR product was confirmed by cleaving the PCR products with selected
restriction enzymes and comparing the gel patterns with those from Gm776 (Laten and
Morris, 1993). To further test the specificity of the probe, a dot blot experiment was
performed. The radiolabeled probe amplified from the PCR product was hybridized to
a membrane containing soybean DNA, pGm776, lambda DNA containing the insert from
cDNA library, plasmid DNA containing the insert and two controls: lambda and pUC18
DNA. The autoradiograph (Figure 4) showed that only DNAs containing the 776 bp
fragment gave positive signals demonstrating that the PCR product from soybean DNA
is suitable for synthesis of the probe.
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Figure 3. PCR amplification of plant DNAs. a, soybean G. max cv williams total DNA.
b, Haelll-digested <J,x174 DNA standards. Reagents for PCR, including recombinant
AmpliTag DNA polymearase were purchased from Perkin-ElmerCetus (Norwalk, CT,
USA). A typical pattern of 30 cycles consisted of 94 °c for 1 min, 55
72

°c for

°c for

1 min and

1 min. Reaction products were fractionated by electrophoresis through 1.5%

agarose (Sambrook et al., 1989).
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Figure 4. Analysis the specificity of the probe which is from soybean DNA. DNAs from
a, Gm776; b, pUC18; c, lambda gtl 1 containing SIREcl insert; d, soybean DNA; e,
lambda gtl 1 DNA; f, pUC18 containing SIREcl insert were dot blotted to GeneScreen
Plus using a micro-sample filtration manifold (Schleicher & Schuell. Keene, NH, USA).
The membrane was hybridized under medium stringency and autoradiographed. The
probe is made from the PCR product of soybean DNA.
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2. Screening cDNA Library and Plasmid Colony
A total of 60,000 plaques from the soybean cDNA library were screened using
pGm776 as probe. Three plaques with very strong signals were observed (Figure SA).
The plaque with the strongest signal was chosen for further study and the other two were
not pursued (Figure SA). After two rounds of screening, all plaques on the plate were
positive (Figure SB).
The insert fragment was transferred from the lambda vector to pUC18 as
described in Materials and Methods, and

following transformation of E.coli. One

hundred white and 560 blue colonies were seen on the plate. White colonies represent
the vectors with inserts and blue colonies without inserts. When the DNAs from these
colonies were probed with pGm776, both white and blue colonies gave positive signals
(data not shown). But when the PCR-generated DNA was used as the probe, the colonies
gave positive signals only were white (Figure 6).

3. Isolation of SIREcl Clone
From white and positive clones, the clone that gave the strongest signal on the
autoradiograph was selected. This clone was named SIREcl. To determine the size of
the cDNA in SIREcl, DNA was isolated as described in Materials and Methods and
digested with EcoRl. After digestion, the DNA was fractionate by gel electrophoresis
and three bands were observed after staining with ethidium bromide (Figure 7A). One
band was 2600 bp, another band was 2400 bp and the smallest one was 1600 bp. After
Southern hybridization analysis, only the 2400 bp band was positive on the
autoradiograph (Figure 7B). The result suggested that the insert fragment was
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Figure SA. One of three positive plaques screened from a lambda cDNA library. Six
plates were screened. Each 150 x 15 mm plate has 10 x1Q3 plagues. The plaques were
transferred to GeneScreen Plus and the membrane was hybridized under medium
stringency and autoradiographed. The probe was made from Gm776.

Figure SB. Purification of the positive plaques. In each of three round screenings, the
plaque DNAs were transferred to GeneScreen Plus membrane and hybridized with the
probe from Gm776 until all plaques in a plate gave positive signals.
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Figure 6. Isolation of positive plasmid colony. After transformation, white colonies were
transferred to the GeneScreen membrane and growth on the LB plate with ampcin, X-gal
and IPTG. The membrane was hybridized with the probe and autoradiographed.
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Figure 7A. Determination the size of SIREcl. pUC18 containing SIREcl insert was

partially digested with EcoRl. Five ug DNA was digested with 2 units in a volume of
50 ul. The digests were electrophoresed through 0.8% agarose. a, 30 min; b, 10 min;
c, 5 min; d, 1 min; e, 0 min; f, Hind III lambda marker.

7B. Southern blot of the partial digestion. DNAs were digested and electrophoresed as

described (see figure 7A) and Southern blotted to a GeneScreen plus membrane (New
England Nuclear. Boston MA, USA). The probe was made from the PCR product of
soybean DNA.
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approximately 4000 bp (2400+ 1600), while the 2600 bp band matches the size of pUC18
DNA.

4. Sequence of SIREcl
Figure 8 and 9 show the nucleotide sequence of SIREcl and a derived amino acid
sequence from a single open reading frame (ORF). The DNA is 2417 bp long (The 1600
bp fragment will be discussed in chapter 5). There are 235 bp preceding the ORF start
codon, an 1851 bp ORF, and 400 bp of a 3'-untranslated region. The ORF begins at the
third ATG triplet in the sequence. The ORF encodes a predicted polypeptide of 617
amino acids (70214 Da). The nucleotide sequence from base 931 to base 1664 is almost
identical to that of the Gm776 (La.ten and Morris, 1993) except for 14 different bases
(Figure 10). The structure of SIREcl DNA has some features of a copia-like
retrotransposon: a binding site for a tRNA primer located upstream of the ORF, and the
presence of gag-like and protease-like domains. In the 3'-untranslated region, there is
several direct repeats and polyadenylation signals.

A. Primer Binding Sites
Retroviruses replicate through a DNA intermediate. Reverse transcription of their
RNA genome is primed by a tRNA whose binding site is located within the internal
domain immediately adjacent to the LTRs'. These priming sites consist of short region
complementary to the 3' end of a transfer RNA at the 5' end of the internal domain
(Daniel et al., 1988. Manninen et al., 1993). In order to find the tRNA primer binding
site, the SIREcl sequence was compared with a tRNA sub-bank derived from GENbank
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Figure 8. Nucleic acid sequence of the SIREcl. The nucleic acid sequence of the cDNA
was determined by the dideoxy chain termination method (see Materials and methods).
The putative initiation codon ATG and termination codon T AA are indicated in bold and
italic. The proposed 5' untranslated sequence is 268 nucleotides long. The open reading
frame extends to a TAA stop codon at nucleotide 2086. The 3' untranslated region is 331
nucleotides long. The 32 bp and 28 direct repeats in the 5' and 3' ends are underlined,
as well as the TATA box and polyadennylation signal in the 3'-untranslated region. Two
106 bp imperfect repeats are marked with dashline.
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181 GGTATCAGAG CAGGCACTCG AATTCACTGA GTGAGATCTA GGGAGATAAA TTCTGATGAA
241 CATGGAGAAA GAAGGAGGAC CAGTGAACAG ACCACCAATT CTGGATGGAA CCAACTATGA
301 ATACTGGAAA GCAAGGATGG TGGCCTTCCT CAAATCACTG GATAGCAGAA CCTGGAAAGC
361 TGTCATCAAA GACTGGGAAC ATCCCAAGAT GCTGGACACA GAAGGAAAGC CCACTGATGG
421 ATTGAAGCCA GAAGAAGACT GGACTAAAGA AGAAGACGAA TTGGCACTTG GAAACTCCAA
481 AGCTTTGAAT GCTCTATTCA ATGGAGTTGA CAAGAATATC TTCAGACTGA TCAACACATG
541 CACAGTGGCC AAGGATGCAT GGGAGATCCT GAAAACCACT CATGAAGGAA CCTCCAAAGT
601 GAAGATGTCC AGATTGCAAC TATTGGCCAC AAAATTCGAA AATCTGAAGA TGAAGGAGGA
661 AGAGTGTATT CATGACTTTC ACATGAACAT TCTTGAAATT GCCAATGCTT GCACTGCCTT
721 GGGAGAAAGA ATGACTGATG AAAAGCTGGT GAGAAAGATC CTCAGATCCT TGCCTAAGAG
781 ATTTGACATG AAAGTCACTG CAATAGAGGA GGCCCAAGAC ATTTGCAACC TGAGAGTAGA
841 TGAACTCATT GGTTCCCTTC AAACCTTTGA GCTAGGACTC TCGGATAGGA CTGAAAAGAA
901 GAGCAAGAAT CTGGCGTTCG TGTCCAATGA TGAAGGAGAA GAAGATGAGT ATGACCTGGA
961 TACAGATGAA GGTCTGACTA ATGCAGTTGT GCTCCTTGGA AAACAGTTCA ACAAAGTGCT
1021 GAACAGAATG GACAGGAGGC AGAAACCACA TGTCCGGAAC ATCCCTTTCG ACATCAGGAA
1081 AGGTAGTGAA TACCAGAAAA GGTCAGATGA AAAGCCCAGT CACAGCAAAG GATTTCAATG
1141 CCATGGGTGT GAAGGCTATG GACACATCAA AGCTGAATGT CCCACTCATC TCAAGAAGCA
1201 GAGGAAAGGA CTTTCTGTAT GTCGGTCTGA TGATACAGAG AGTGAACAAG AAAGTGATTC
1261 TGACAGAGAT GTGAATGCAC TCACTGGGAG ATTTGAATCT GCTGAAGATT CAAGTGATAC
1321 AGACAGTGAA ATCACTTTTG ATGAGCTTGC TACATCCTAT AGAGAACTAT GCATCAAAAG
1381 TGAGAAGATT CTTCAGCAAG AAGCACAACT GAAGAAGGTC ATTGCAAATC TGGAGGCTGA
1441 GAAGGAGGCA CATGAAGAGG AGATCTCTGA GCTTAAAGGA GAAGTTGGTT TTCTGAACTC
1501 TAAACTGGAA AACATGACAA AATCAATAAA GATGCTGAAT AAAGGCTCAG ATATGCTTGA
1561 TGAGGTGCTA CAGCTTGGGA AGAATGTTGG AAACCAGAGA GGACTTGGGT TTAATCATAA
1621 ATCTGCTGGC AGAATAACCA TGACAGAATT TGTTCCTGCC AAAATCAGCA CTGGAGCCAC
1681 GATGTCACAA CATCGGTCTC GACATCATGG AACGCAGCAG AAAAAGAGTA AAAGAAAGAA
1741 GTGGAGGTGT CACTACTGTG GCAAGTATGG TCACATAAAG CCCTTTTGCT ATCATCTACA
1801 TGGCCATCCA CATCATGGAA CTCAAAGTAG CAGCAGCAGA AGGAAGATGA TGTGGGTTCC
1861 AAAACACAAG ATTGTCAGTC TTGTTGTTCA TACTTCACTT AGAGCATCAG CTAAGGAAGA
1921 TTGGTACCTA GATAGCGGCT GTTCCAGACA CATGACAGGA GTCAAAGAAT TTCTGGTGAA
1981 CATTGAACCC TGCTCCACTA GCTATGTGAC ATTTGGAGAT GGCTCTAAAG GAAAGATCAC
2041 TGGAATGGGA AAGCTAGTCC ATGATGGACT TCGTTATGTC AAGGAATAAG ATCGGGCTGC

------- - --- -- - -

2101 ACAATGCACA AGGCAAGATA AAATGTCAAA TGAAGAATTG AAGCTGCAGG ATCCATGATG
2161 TCGGATACAA TGTCCAGGAC ATCCTGCCCG AAAATACTGG AGTTGCTGCA CAATGCACAA

-- -- -- - - - - -- - - - - - - . --- - - - - -- - - - - -- - - -- -- ---- - ----

2221 GGCAAGATAA AAGAAGTGAA GCTGCAGGAT CCACGATGTC GGATACGATG TCCAGGACAT
2281 CTGGCCCGAA AATACTGGAC ACATAAATCT GTTATATCTT TAACAGATTA TTGTGCAGTT
2341 AGCAACAGGT TAGACGATCT ATCTTTAGGA ACGAACTCTT CTAGTTCCGG AATTCGAGCT
2401 CGGTACCCGG GGATCCT
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Figure 9. The deduced amino acid sequence of the SIREcl. The amino acid sequence
is presented in single-letter code. The residues in the nucleic binding and protease
domains are indicated with black triangles. The stop codon is indicated with asterisk.
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1

MNMEKEGGPV NRPPILDGTN YEYWKARMVA FLKSLDSRTW KAVIKDWEHP

51

KMLDTEGKPT DGLKPEEDWT KEEDELALGN SKALNALKNG VDKNIFRLIN

101

TCTVAKDAWE ILKTTHEGTS KVKMSRLQLL ATKFENLKMK EEECIHDFHM

151

NILEIANACT ALGERMTDEK LVRKILRSLP KRFDMKVTAI EEAQDICNLR

201

VDELIGSLQT FELGLSDRTE KKSKNLAFVS NDEGEEDEYD LDTDEGLTNA

251

VVLLGKQFNK VLNRMDRRQK PHVRNIPFDI RKGSEYQKRS DEKPSHSKGF

301

QCHGCEGYGH IKAECPTHLK KQRKGLSVCR SDDTESEQES DSDRDVNALT

351

GRFESAEDSS DTDSEITFDE LATSYRELCI KSEKILQQEA QLKKVIANLE

401

AEKEAHEEEI SELKGEVGFL NSKLENMTKS IKMLNKGSDM LDEVLQLGKN

451

VGNQRGLGFN HKSAGRITMT EFVPAKISTG ATMSQHRSRH HGTQQKKSKR

501

KKWRCHYCGK YGHIKPECYH LHGHPHHGTQ SSSSRRKMRW VPKHKIVSLV

551

VHTSLRASAK

601

ITGMGKLVHD GLRYVKE*

' '

'

' '

'

'
EDWYLDSGCS
'''

'

RHMTGVKEFL VNIEPCSTSY VTFGDGSKGK
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Figure 10. Sequence alignment of SIREcl and Gm776. Signal ... indicates the same base
and - indicates no nucleotide. Numbers are nucleotide positions. Of 13 different bases,
7 mutations are conserved mutation.

38
SIS-:::c:
Gm i76 minus strand

961

5~

726

5'

.• A.................T ........
.. T ................. C....... .

1021
666
..T...__

1081
606

.A..--

1141
546
1201
486

---···· .AAA.•••• .......... AA

1261
426
1321
366

...c.......

..c______ -··-···· -··-··-

...T.......

- T....... ·---··· ·····-···

1381
306

G.........
A ....•....

1441
246
1501
186

.G ..•.••.. G....••...••• G.•••••
.A........ A ............A...•.•

._-'\.......
'

·········

1561
126
1621
66

.. T .......
........ G.
........A .

.•..T ......•.•. G...• 3'

.... C..........T.... 3'

39
using the program in FASTA. Alignment between SIREcl sequence and the soybean
initiator methionyl-tRNA gene in the anticipated orientation was obtained (Figure 11).
The potential site for ( +) strand priming had 17 of 22 bases (204-225) complementary
to the 3' end of the soybean initiator methionyl-tRNA.

B. SIREcl Internal Domain
In retrotransposons, the region between the 5' and 3' LTRs generally encodes
products that homologous to the retroviral gag, protease (pro), integrase (int) and reverse
transcriptase (rt)

(Grandbastien et al.,

1992). Like the group of copia-like

retrotransposons, such as Tyl and Ty2 of yeast (Clare et al. 1985), Tntl of tobacco and

Tal of Arabidopsis (Grandbastien et al., 1989), are organized 5' LTR-gag-pro-int-rtRNaseH-LTR 3'. Despite the conservation of function, only the rt amino acid sequence
show substantial sequence similarity. Only limited amino acid similarities have been
found for the other genes. (Flavell et al., 1992).
Since the SIREcl is derived from a transcribed RNA, it is unlikely that it contains
whole LTR sequences. The derived amino acid sequence was compared to the sequences
of several retrotransposon gene products using the program FASTA. No clear amino acid
similarities were detected. However, the sequence was manually scanned for highly
conserved motifs and two gene products were detected: a gag-like sequence and a
protease-like sequence.
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Figure 11. Sequence aligment of the putative SIREcl primer binding site with soybean
Met-i-tRNA gene. The accession for soybean Met-i-tRNA is Ml 7129. Numbers indicate
DNA sequence positions.
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SIREcl

018<)

TGGTATCAGAGCAGGCACTCGA
111111111111

soybean Met-i-tRNA 0225

I

1111

TGGTATCAGAGCCAGGTTTCGA
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a. The gag Gene Region
A conserved motif, CysX2CysX4HisX4Cys (CCHC box), has been identified in
gag genes as invariant in all replication-competent retroviruses, plant pararetroviruses
(DNA-packaging), and copia (Qu R et al., 1991). This domain is thought to be an RNA
binding site (Camirand et al., 1990) and is possibly a zinc finger -like domain (Darlix et
al., 1990. Berg et al., 1986).
Analysis of the 5' end (from base 236 to base 1887) of the SIREcl putative protein
product reveals two strikingly well conserved canonical domains of this type (Figure 9)
whose similarity to other CCHC boxes extends beyond the cysteines and histidines.
Repeated CCHC domains are uncommon but do occur in the HIV-2 gag gene. Computer
searches show similarities in gene domains between this putative protein and the gag
polyprotein of other retroelements. Figure 12 shows 14 amino acid conserved region
corresponding to the nucleic acid binding domain of SIREcl and some retroviruses like
HIV-II and CaMV and retrotransposons such as copia. The similarities of SIREcl and
other retroelements are: copia: 38%; HIV-II: 33%; Tstl: 38%; Tntl: 38%; CaMV:
38 %. The similarities of these domains lead us to conclude that this ORF region of the
SIREcl encodes a "gag-like" protein.

b. The Protease Region
The protease gene is located adjacent to 3' end of the gag gene, or between the

gag and pol genes in a different reading frame. A three amino acid long stretch Asp-SerGly is a conserved motif found at the catalytic site of the retroviral protease domain
among retroviruses and retrotransposons, such as RSV, copia and Ty. An alignment of

43

Figure 12. A aligment of the hypothetical gag gene translation for the SIREcl to similar

regions of other retroelements. Amino-acid sequences are indicated in capital letters.
Alignments are those previously published (see Materials and Methods). The cysteine and
histidine residues involved in the zinc-binding domain are bolded and boxed; Other
amino-acids identical to SIREcl at aligned position, bold upper case; similar, upper case;
dissimilar, low case; Fully conserved positions are indicated by black square.
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Figure 13. Alignments of amino acid sequences with the protease domains identified in
SIREcl in comparison with other retrotransposon sequences. highly conserved domain
amino acids (D-S-G sequence), bold uppercase and boxed; identical, bold uppercase;
similar, uppercase; dissimilar, low case; Fully conserved positions are indicated by black
square. Numbers indicate amino-acid positions.
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the putative SIREcl gene product (from residue 560, base 1888 to residue 568, base
2084) with mammalian retroviruses, plant pararetroviruses and retrotransposons (Figure
13) was made and the similarities between them are: copia: 69%; CaMV: 42%; Ty912:
50%. The similarities reveals a very respectable aspartic protease active site.
It should be mentioned that the protease sequence of the SIREcl was very short

and had 240 bp for 80 amino acids, whereas the known aspartic proteases are around 120
residues in length. Whether SIREcl has short protease sequence or it is artificial result
should be further discussed.

C. 5' and 3' End Untranslated Region
The LTRs of functional retrotransposons contain not only the motifs necessary for
initiation of RNA synthesis but also RNA processing signals and part of the structure
necessary for reverse transcription. They contain the TATA and CCAAT boxes, as well
as the cap and polyadenylation signals (Temin et al., 1988, Varmus et al., 1983).
At 5' end, no TATA box was found (Figure 8). But two 12 bp direct repeats
(ATIGGTATCAG) were found in the potential promoter region (base from 159-189).
At 3' end, there are two possible polyadenglation signals (5' AAAATAC 3') at base 2294
and 2196. It was very interesting that the two signals were in two 32 bp direct repeats
(ATGTCCAGGACATCTGGCCCGAAAATACTGGA). The other two 28 bp direct
repeats were also found in the 3' end (GCTGCACAATGCACAAGGCAAGATAAAA)
at base 2096 and 2205. These four repeats constitute two 106 bp imperfect direct repeats.

CHAPTER V
DISCUSSION
We report here the first isolation and characterization of a cDNA clone from
soybean that encodes a putative retrotransposon gene. To our knowledge, it is also the
first time that a transposable element cDNA has been isolated from plants. We
determined the complete cDNA nucleotide sequence of 2417 bp, which we have
designated SIREcl. The sequence analysis showed that SIRE-1 belongs to the
retrotransposon family of repetitive elements and that it is more closely related to the

copia family than to other retrotransposon family. Analysis of SIREcl revealed a putative
tRNA primer binding site, which would be necessary for replicative and transpositional
activity. Also it revealed a hypothetical open reading frame encoding a 617 amino acid
polyprotein with gag and pro gene domains which bear striking similarity (see results)
to those found in retroviruses and LTR-retrotrsansposons.
Though the copia!Tyl and gypsy/Ty3 retrotransposon family are generally
distinguished from each other by the relative orientation of their RT genes and integrase
domains, and by the sequences of their RT genes, we believe that SIRE-1 is a member
of the copia family (Xiong and Eickbush, 1992). As shown in figures 12 and 13, CCHC
boxes and the aspartic protease catalytic domain of SIREcl are much more closely
related to those found among members of the copia!Tyl family than to those in gypsy!Ty3
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retrotransposons. In fact, the gypsy element has no CCHC domains in its gag gene
product (Smyth et al., 1989).
A complete genome of an active retrovirus-like retrotransposon should contain 5'
and 3' long terminal direct repeats, primer binding sites and one or more internal open
reading frames bearing sequences coding for gag, pro, int, and

n gene products. In

SIREcl sequence, except for a tRNA primer binding site located upstream of the internal
domains, only 235 bp and 400 bp were found in 5' and 3' untranslated region and no
LTR structures were observed. A possible reason for not detecting LTRs in the ORF of
SIREcl is that SIREcl is a cDNA clone and the sequence is from reverse transcription
of mRNA. In general, the LTRs are the structures of the genomic sequence and their
functions are to provide a promoter and enhancer (Manninen et al., 1993). The sequences
of LTRs would have not completely been trancripted into mRNA and no whole LTRs
can be found in cDNA sequence. Until now, there is no evidence that complete LTRs
are present in cDNA. Whether whole LTRs are transcripted into mRNA is still an issue
of further research.
From the known DNA and derived amino acid sequences of SIREcl, we found
that gag and protease gene were in the same reading frame and protease gene had short
sequence. This situation is unlike in Tal-3 and copia which encode a single polyprotein
including several products, also unlike in most retrotransposons and retroviruses which
encodes two or more overlapping reading frames separated by a frame shift (for example
Tyl; see Figure 14) (Camirand et al., 1990). When original SIREcl was digested with

EcoRl, three bands were observed. One of them, which is about 1600 bp, dose not
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Figure 14. Organization of open reading frames (ORFs) in the Tstl element of potato.
Circles represent the putative 5 bp duplicated host target sequence. Long terminal repeats
(LTR) are indicated as stippled boxes at each end of the element. The conserved amino
acid domains of the RNA binding site (RB), protease (PR), integrase (INT) and reverse
transcriptase (RT) are represented by filled boxes proportional to the length of these
regions. The arrows indicate the 4 ORFs. The figure is adapted from the reference
(Camirand, 1990).
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belong to the vector plasmid puc18 (about 2600 bp). It is possible that this fragment is
part of the insert, representing part of pro gene or the int and rt sequences. During
culturing, a rearrangement led to the loss of this fragment at the 3' end of the insert to
create a 2400 bp insert. Indeed, a 94 amino acids frame without a stop codon was found
in another translated frame whose initiation codon is close the stop codon of the gag gene
ORF.
According to the further analysis of the DNA and amino acid sequences, two
hypothesis are raised. 1. Like the transcription mechanism in bacteria, the gag/pro
polyprotein and pol of SIRE-1 are in the same mRNA but in separate ORFs. Each ORF
is separated by intercistron sequence and has its own ribosome binding site, initiation and
termination signals (Lewin, 1990). In SIREcl case, another ORF coding 94 amini acids
without stop codon is present in another translation frame. Two ORFs are separated by
30 bases. We think that the second ORF perhaps represents the pol gene. The sequence
between two ORFs has lots of GC and AA which can be possibly used as the promoter.
It should be mentioned that this operon mechanism is so far only found in bacteria, not

in eukaryotic and virus. Whether it really happens should be further identified. 2. Some
mRNAs encode two or more genes in different and overlapping reading frames and thus
alternative strategies are required for expression of these additional genes (Cattaneo,
1989). One such mechanism is known as ribsomal frameshifting in which the reading
frame of a mRNA is changed at a specific site (or Sites) during translation, resulting in
the expression of single protein from two (or multiple) overlapping genes (Hatfield et al.,
1990). We suppose that there is a mutation or artificial effect resulting in the formation
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of the termination codon of the first ORF. If there is no this stop codon, the first ORF
will have 23 amino acids more and stop at base 2156 where a frameshift occurs. The pro
gene will have a longer than normal size (around 120 amino acids). The second ORF is
aligned by a frameshift of one nucleotide in the 5' (-1) direction. The missing 1600 bp
fragment belongs to the second ORF which represents pol gene. More interesting, when
we run the stem loop program with 32 bp from 2154-2186 which is before the shift
region, one stem and loop structure were found which result in the happening of
frameshift (Figure 15).
Members of the Ty-copia group of retrotransposons have been found in a diverse
collection of eukaryotes, including fungi, insects, and plants (Murphy et al., 1992. To
date, eleven LTR retrotransposons have been extensively characterized (Manninen et al.,
1993). In addition, plant DNA fragments which are almost certainly derived from Ty-

copia group retrotransposons have been isolated by PCR (Flavell et al. 1993). Unlike the
elements in Drosophila and yeast, most of the elements in plants appear to be defective
(Camirand et al., 1990, Konieczny et al. 1991, Flavell et al., 1992). Many are truncated
and the ORFs of others are interrupted by several insertions, deletions and stop codons.
In addition, there is a correlation between the homogeneity of Ty-copia group
retrotransposons and their transpositional activity. Active retrotransposons are generally
homogeneous in sequence (Boeke, 1989, Mount et al., 1985), whereas the defective plant
elements are heterogeneous and present in low copy numbers (Konieczny et al., 1991,
Flavell et al., 1992).
Our findings suggest that SIRE-1 is an active retrotransposon. The presence of
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Figure 15. The predicted RNA stem-loop structure which occurs just downstream of the

pro-pol ribosomal frameshift site in SIRE-1. The framshift site is underlined.
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a gag/pro cDNA indicates that it is actively transcribed and the presence of a long open
reading frame encoding 617 amino acids suggests a functional product. The 98 %
highhomogeneity in sequence between SIREcl and Gm776 (Laten and Morris, 1993) (see
Figure 10) and the virtual absence of extraneous gel bands after restriction enzyme
digestion suggest that family members have not diverged, unlike inactive families
(Hueros et al., 1993). The relatively high copy number of SIRE-1, 500-800 members per
haploid genome (Laten and Morris, 1993) reinforces this conclusion.
Since reverse transcriptase has no proofreading activity, error rates of 6 x 1o-4 to
3 x 10-5 are observed (Roberts et al., 1986). By contrast, DNA polymerase I yields
mutation rates at least 1()3 lower (Yun et al., 1989), It is therefore not surprising that
inactive transposons are heterogeneous even within the same organism and there is only
limited similarity among individual retrotransposon family from different host species.
Alignment of SIREcl DNA and amino acid sequences with other copia-like
retrotransposons reveals an apparent diversity ( data not shown). However, functionally
essential amino acid residues are conserved in the elements and can be used as the feature
to identify the genes.
There is little doubt that transposable elements are responsible for mutation in a
wide variety of organisms. Transposable elements induce both transient DNA
rearrangements and genomic alterations, and , despite deleterious insults to genomes,
they are arguably an essential component of the evolutionary process (Schwarz-Sommer
and Saedler, 1988; Finnegan, 1989; Wilke et al., 1992). Retrotransposon transcription
is modulated by a number of environmental and physiological factors: such as steroid

57
hormones (Ziarcyzk et al., 1989), stress, including heat shock (Strand and McDonald,
1985sx), cAMP level (Yun and Davis, 1989), and DNA damaging agents like UV light
sasa (Bradshaw and McEntee, 1989). The mobilization of transposons, particularly in
plants, may be a developmentally regulated response to environmental stress that
facilitates the timely creation of genetic variants to meet the challenges of altered living
conditions (Mcclintock, 1984; Wessler, 1988).
The natural ability of transposable elements to cause mutations has been harnessed
in the laboratory. Some particular family of elements have been stimulated to transpose,
thereby increasing the natural mutation rate. Transposon tagging provides an
extraordinarily useful way of identifying gene sequences in large, heterogeneous mixtures
of DNA. In plants, including soybean, in vitro culturing of plant tissues may activate
quiescent transposable elements. Soybeans and other plants regenerated from cultured
tissue often manifest a high degree of phenotypic variation. The term "somaclonal
variation " has been applied to this phenomenon, and culture-induced variation has been
observed in nearly all plants capable of regenerating from tissue culture (Leeand Philips,
1988). Somaclonal variation has been attributed to chromosomal rearrangements (Lee and
Philips, 1988), point mutations (Brettel et al . , 1986), and transposable elements Peschke
et al., 1991). In soybeans, the importance of DNA rearrangement to adaptation and
survival may be magnified because in a plant that is normally self-fertilizing, the
introduction of variation by meiotic recombination is severely limited.
The next step will be to confirm the functionality of the SIRE-1 family by
isolating SIRE-1 transcripts and detecting the presence of SIRE-1 products. If activity can
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be confirmed, it should be possible to test the relationship between the mobilization of
SIRE-1 and environmental factor, and to correlate SIRE-1 expression with genotypic and
phenotypic changes in soybean.
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